ABSTRACT. Feline upper respiratory tract infection due to Aspergillus spp. is considered an emerging disease, with the number of reported cases continuing to rise. In this study, we report the first case of feline sinonasal aspergillosis caused by Aspergillus fischeri in Japan. The patient presented after 2 months of progressive facial deformity around the nose and nasal discharge. The isolate from this case was susceptible to itraconazole (ITZ), voriconazole and micafungin, but was resistant to amphotericine B. However, the infected cat died approximately 1 month after referral, despite treatment for 12 days ITZ administered orally at 10 mg/kg.
Feline upper respiratory tract (URT) infection due to
Aspergillus spp. is considered an emerging disease, with the number of reported cases continuing to rise [3] [4] [5] [7] [8] [9] . Aspergillus fumigatus has been the most frequently reported etiologic agent of sino-orbital aspergillosis in cats [4, 7] ; two other Aspergillus species, A. udagawae and A. fischeri, have also been implicated. The minimum inhibitory concentrations (MICs) of amphotericin B (AMB) and azoles [4, 8, 9] are elevated for A. udagawae and A. fischeri compared with A. fumigatus, but distinguishing A. udagawae and A. fischeri from A. fumigatus requires molecular analyses. Some reports described that the feline infections due to A. udagawae and A. fischeri do not respond to treatment with AMB, itraconazole (ITZ) or micafungin (MCF) [4, 8, 9] . These results suggest that speciation and antifungal susceptibility testing of infecting agents are important to ensure effective treatment of feline URT aspergillosis. In this study, we report the first Japanese feline case of sinonasal aspergillosis caused by A. fischeri.
Case: A castrated Russian blue cat (11 years old; weight, 2.9 kg) was referred to the Nihon University Animal Medical Center, Kanagawa, Japan, in June 2014 after exhibited progressive facial deformity around the nose with nasal discharge over the previous 2 months. The cat suffered from diabetes mellitus and had been treated with insulin for 5 years. However, control by insulin injection was not succeesful in the patient cat. Physical examination of the cat showed swelling on the nose (Fig. 1 ), depression and weight loss. The results of hematological examination, a serum biochemistry panel and urinalysis are shown in Table 1 . The cat was positive for the serum Aspergillus galactomannan antigen (Health Sciences Research Institute, Inc., Yokohama, Japan). CT scan revealed a soft-tissue mass within the right nasal cavity (Fig. 2) . A chest and abdominal CT scan did not detect typical Aspergillus infection signs. Histopathologic examination of biopsy samples from this mass revealed granulomatous inflammation containing many branching hyphal filaments (Fig. 3) . A sample of nasal discharge was inoculated on Sabouraud's dextrose agar (SDA) and incubated at 28°C. Velvety-grayish white colonies developed within 2 weeks. Based on gross and microscopic characteristics, the isolate was identified as an Aspergillus species, and the case was diagnosed as sinonasal aspergillosis.
ITZ (Janssen Pharmaceutical K.K., Tokyo, Japan) was administered orally at 10 mg/kg, once daily for 12 days. In addition, antifungal susceptibility tests were initiated for the infecting organism, and plans were made to flush the nasal airway with appropriate antifungal solutions based on the results of these tests. However, the owner declined the use of topical antifungal therapy pending the results of susceptibility testing because of the nasal airway needs to be performed in an anesthetized condition that is a high risk for the patient. The owner desired an effective and safe treatment.
In the meantime, the case continued to deteriorate, and the cat died on day 19, i.e., one week after completion of the ITZ regimen (and 28 days after the initial referral). Necropsy was not performed.
Molecular identification of fungal species: Isolation of genomic DNA of the isolate was reported previously [9] .
The internal transcribed spacer (ITS) region of the isolated Aspergillus was amplified using the universal fungal primers ITS5 (5′ GGAAGTAAAAGTCGTAACAAGC) and ITS4 (5′ TCCTCCGCTTATTGATAGC) [2] . PCR amplification and sequence analyses were performed as described previously [2] . Comparative sequence analyses by nucleotide BLAST analysis on the National Center for Biotechnology Information (NCBI) website showed that the sequence of the ITS region amplified from the isolate from the case was 100% identical to that of A. fischeri (teleomorph of Neosartorya fischeri; GenBank accession no. FJ624264).
The sequences determined in this study have been deposited in GenBank (Aspergillus fischeri genes for ITS1, 5.8S rRNA, ITS2, 28S rRNA, partial sequences, strain: NUBS14001 clinical isolate from feline sinonasal aspergillosis; DDBJ accession number, LC011422).
Testing of in vitro susceptibility to antifungal drugs: The in vitro susceptibilities of the isolate to the antifungal drugs AMB, ITZ, voriconazole (VRZ) and micafungin (MCF) were assessed by the E-test method [11] . The drug susceptibility tests for this isolate revealed that the MICs of AMB, ITZ, VRZ and MCF by E-test were more than 32 mg/l, 0.25 mg/l, 0.064 mg/l and 0.012 mg/l, respectively. This work represents the first reported Japanese case of feline sinonasal aspergillosis due to A. fischeri. In summarizing 22 cases of feline sinonasal aspergillosis in Australia, Barrs et al. reported that the fungal pathogens were A. fumigates (n=4), Neosartorya fischeri (n=1), A. lentulus (n=1) or other Neosartorya spp. (n=16) [4] . Therefore, non-fumigatus aspergilli, including A. fischeri, should be considered potential fungal pathogens in feline URT aspergillosis.
A. fischeri is known as a causative agent of human respiratory aspergillosis [1] , but it has not been well investigated with regard to susceptibility to AMB and azoles. The isolate from this case was susceptible to ITZ, VRZ and MCF, but was resistant to AMB. Cantón et al. suggested that the in vitro breakpoints (resistance) for AMB and azoles of Aspergillus spp. were MICs ≥4 mg/l [6] .
AMB is frequently selected for treatment of canine and feline cases of aspergillosis, including feline URT aspergillosis [10] . Therefore, the decision-making process for determining the therapy for therapy of feline URT aspergillosis should include determination of the MICs of other antifungal drugs.
We administered oral ITZ to the patient cat, but could not confirm the efficacy of this treatment due to subsequent mortality. The poor response in this case may have reflected progression of the infection. In addition, the pathogenesis of diabetes mellitus might interfere with ITZ therapy and has been recognized as a risk factor in feline URT aspergillosis [5] . More aggressive management using intravenous administration or nasal air way flushing with ITZ solution may have been needed.
This case was diagnosed as aspergillosis by a serum Aspergillus galactomannan antigen test as well as histopathologic examination and mycological identification. The antigen test has been reported to have poor specificity, but moderate sensitivity as a noninvasive screening test to rule out infection in feline patients with suspected URT aspergillosis [12] . Therefore, the test should be evaluated for rapid, noninvasive screening of feline URT aspergillosis, including A. fischeri infection.
The low susceptibility to antifungals seen in isolates of non-fumigatus aspergilli indicates that molecular identification of Aspergillus species and in vitro susceptibility testing are needed in the selection of effective antifungal drugs and prediction of the prognosis of feline URT aspergillosis. Further studies are required to determine the distinct resistance profiles of infecting non-fumigatus aspergilli, since antifungal susceptibility may be a major determinant of treatment outcome. Aspergillosis is generally an opportunistic infection, and host immunocompetence is thought to be an important determinant in the development of the infection. The frequency of use of chemotherapy and immunosuppressive drugs is increasing in the veterinary field. Due to the risk of opportunistic fungal infections should exercise care when they use these drugs.
In conclusion, feline URT infection due to Aspergillus spp. is considered an emerging disease, with the number of reported cases continuing to rise. To our knowledge, this was the first feline case of sinosal aspergillosis in Japan caused by A. fischeri. The isolate from this case was susceptible to ITZ, VRZ and MCF, but was resistant to AMB. Therefore, the cat was administered ITZ orally for 12 days, and it died on day 19. The poor response in this case may have reflected progression of the infection. A rapid diagnosis method and effective treatment are needed based on speciation and antifungal susceptibility testing of infecting agents.
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